Newly isolated thraustochytrids showed uptake of vitamin B12 from the culture into the cells. Cultivation of thraustochytrids in a medium containing 1 g/ml of vitamin B12 greatly increased the contents of vitamin B12 in the cells. Similarly to Schizochytrium limacinum, odd numbered fatty acids decreased in the cells of new isolates cultivated with vitamin B12. Vitamin B12-enriched thraustochytrids, strain mh0186, enhanced the population growth of rotifers fed on the cells as sole feed.
Industrial utilization of thraustochytrids as potential sources of docosahexaenoic acid (DHA) and carotenoids has been investigated. [1] [2] [3] [4] [5] [6] It is known that many strains of thraustochytrids accumulate a large amount of DHA in the cells. Schizochytrium limacinum SR-21 3) and Thraustochytrium KH105 5) show marked accumulation of DHA and carotenoids respectively. Moreover, the practical use of thraustochytrids as a feed for zooplanktons, such as rotifers and Artemia, has also been reported. 7, 8) It has been shown that feeding certain thraustochytrids to rotifers and Artemia improved the nutritional value of the zooplanktons for marine fish larvae, but no information about the population growth of rotifers fed on thraustochytrids is available.
It is widely recognized that Chlorella is a profitable feed for rotifer cultivation in hatcheries. 9) Since vitamin B12 (B12) is an essential nutrient for rotifers, 10) commercial condensed Chlorella is enriched with B12. Enrichment of Chlorella cells with B12 greatly improved the nutritional value of Chlorella cells for the population growth of rotifers fed on it. 11, 12) In the present study, the effects of B12-enriched thraustochytrids on rotifer cultivation were evaluated.
Sources for the isolation of thraustochytrids, such as coastal water, sediments in the sea, dead leaves of mangrove forests, and so on, were identified in the area of the Yaeyama Islands in Okinawa. From these sources, zoospores of thraustochytrids were collected by the pine pollen method.
13) The collected zoospores were spread on potato-dextrose agar (PDA) plates prepared in halfstrength artificial sea water (Marine Art High, Senju Seiyaku Co., Ltd., Osaka). After incubation of the PDA plates at 28 C for 5-7 d, colonies of thraustochytrids were identified, transferred, and purified on other PDA plates.
Isolates of thraustochytrids were cultivated in 500 ml shaking flasks at 28 C for 4 d. The culture medium consisted of 3% (w/v) glucose and 1% (w/v) yeast extract in half-strength artificial sea water (pH 6.0). For enrichment of the cells with B12, the vitamin (1 mg/ml) was added into the basal medium. After cultivation for 4 d, cells were harvested by centrifugation (1;500 Â g, 10 min) and washed 3 times with distilled water.
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extracted by the Folch method 14) after freeze drying of the cells or rotifers. Fatty acid compositions of the lipids were determined by gas liquid chromatography after methanolysis with 10% (w/v) HCl-methanol solution.
The contents of B12 were determined according to the microbiological method with Lactobacillus delbrueckii subsp. Lactis ATCC7830 and a B12 assay medium (Nissui, Tokyo). 15) Rotifers, Brachionus rotundiformis, were cultured in 1 liter flasks at 28 C. The initial density of rotifers was 1,000 individuals/ml. The densities of rotifers in flasks were determined daily by microscopic observation. For rotifer cultivation, freeze-dried cells of isolate mh0186 with or without B12 enrichment were given to rotifers. The daily feeding rate of the cells was 200 mg/l for each flask.
In 2000-2002, 380 strains were isolated from the area of the Yaeyama Islands. These strains had widely different growth rates, lipid contents, and DHA contents of the cells. Among these isolates, eight strains of thraustochytrids were selected as appropriate strains for feeding rotifers. They showed high growth (higher OD 660 than 5.0) after cultivation for 4 d in basal medium at 28 C, and had high (over 20% in dry cells) lipid contents and high (over 45% of total fatty acids) DHA contents.
For estimation of the uptake of B12 by these strains, they were cultivated with or without supplementation of the medium with B12. The cells cultivated without addition of B12 contained a small amount of B12. However, the cultivation of each strain with 1 mg/ml of cyanocobalamin resulted in a great increase in cellular B12 contents. In particular, cells of mh0190, mh0192, mh0247, mh0253, mh0254 cultivated with B12 contained up to 1,000 mg/100 g dry cells (Table 1) . These results are the first findings of the incorporation and accumulation of B12 in thraustochytrid cells, while Maruyama et al. 11) reported that Chlorella strains also incorporate B12 in their cells, resulting in Chlorella vulgaris K-22 cells containing 1,100 mg/100 g of dry cells. However, further studies are required for the evaluation of the optimum concentration of B12 and the efficiency of its uptake into cells.
On the other hand, cultivation of thraustochytrids with B12 caused great changes in their fatty acid compositions (Table 2) . Thraustochytrids usually contain a marked amount of odd numbered saturated fatty acids, such as C15:0 and C17:0. The addition of B12 into the medium decreased the rate of odd numbered fatty acids in the total fatty acids of the cells. Recently, it was suggested that B12 activated methylmalonyl-CoA mutase (EC5.4.99.2) in thraustochytrids cells. According to Shirasaka et al., propionyl-CoA, a primer for odd numbered fatty acid synthesis, was converted to succinyl-CoA, and it was consumed in the TCA cycle in thraustochytrids cultivated with B12. 16) Our results in this study also support their suggestion.
It has been shown that the feeding of thraustochytrids to rotifers for several hours improved the DHA contents and the nutritional value of the rotifers for marine fish larvae, 7, 8) whereas information about the cultivation of rotifers for several days by feeding of thraustochytrids as sole feed were not available. In the present study, strain mh0186, which had the highest DHA content was given to rotifers as sole feed for population growth. Mh0186 cells cultivated without B12 gave a poor growth of the rotifer population after 4 d of cultivation. However, mh0186 cells cultivated with B12 greatly improved in population growth of rotifers over 4 d (Fig. 1) . Moreover, the rotifers cultivated with B12-enriched thraustochytrids contained 3.1% (w/w) of DHA. As for the Chlorella, feeding cells enriched with B12 enhanced the population growth of rotifers.
12) Maruyama et al. indicated that B12 was essential for the population growth of rotifers. 17) In this study, it was found that enrichment of thraustochytrids with B12 improved the population growth of rotifers. The population growth of rotifers fed on mh0186 cells cultivated with B12 equaled that of B12-enriched Chlorella.
Rotifers fed on B12-enriched thraustochytrids contained a large enough amount of DHA as a feed for appropriate growth of marine fish larvae. In general, rotifers are nutritionally enriched with DHA by feeding of a DHA-containing commercial diet for several hours prior to feeding to fish larvae, while rotifers fed on B12-enriched thraustochytrids richly contained DHA in this study. These results indicate that the feeding of B12-enriched thraustochytrids represents a novel procedure for the production of marine fish larvae without nutritional enrichment of rotifers.
In the present study, it was found that B12 is taken up into thraustochytrids cells, and that the addition of B12 to the medium decreases the cellular contents of odd numbered fatty acids. The feeding of B12-enriched thraustochytrids to rotifers greatly improved the population growth of rotifers. These results indicate that B12-enriched thraustochytrids should be a profitable feed for rotifer cultivation. This feed yields efficient production of larval marine fish, and may contribute to a decrease in feed and labor costs in fisheries. Values are the mean AE SD (n ¼ 5). , rotifers fed on mh0186 cells cultivated without B12; , rotifers fed on mh0186 cells cultivated with B12.
